On Deletion in Delaunay Triangulation by Devillers, Olivier
HAL Id: inria-00073239
https://hal.inria.fr/inria-00073239
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
On Deletion in Delaunay Triangulation
Olivier Devillers
To cite this version:
Olivier Devillers. On Deletion in Delaunay Triangulation. RR-3451, INRIA. 1998. ￿inria-00073239￿
IS
S
N
 0
24
9-
63
99
ap por t  
de  r ech er ch e 
THÈME 2
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
On Deletion in Delaunay Triangulation.
Olivier Devillers
N˚ 3451
Juillet 1998
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, B.P. 93, 06902 Sophia Antipolis Cedex (France)
Téléphone : 04 92 38 77 77 - International : +33 4 92 38 77 77 — Fax : 04 92 38 77 65 - International : +33 4 92 38 77 65
 	
	
	
 "!$#$%&#$')(+*',%&#$!-!$')(.
/0214365+7+8:9<;4=?>@5BA@CEDF>@G4>@54A
54HGJI)A@G4K?AMLONP3+QCEAR>@STK25
UWVC)XO54HUWVO>@LO365
YZI)[?[CEVOH]\?5<V5^G0254VG025_=a`Wb)cTdfeg8ihFK?>RARA@54HeJjFjFk8 e4c6[&I)Dl5^L
monp^qJr,s?tlqlu /0?>@LZ[&I)[54V<[?V5^L54=TH<02CJvwLO[&IEG^5C)xyLO[?0254V5^LBI)=2\zLO0254ARAR>R=?D{GJI)=|Q5K2L5^\|HC
\?54A@54H55~}gG4>@54=THOARNI[CE>R=THxVCE3F\f>R3654=2LO>@CE=&I)AHOVO>$I)=?DFK?A$I)HO>@CE=z=7,\f>R3654=2LO>@CE=W>xZ>@L
HO025\?54DFV5^5C)xHO025\?54A@54H5^\6l54VOH5~HO025G^CE3[?A@5~P>RHN6>@Ly6RF&	Q?K?Hvy5=2CEHO>@G^5HO0&I)HyHO0?>@L
=K?3+Q54VI)[?[?ARNCE=?ARNHCA@CvG^CFLOH CE[54V	I)HO>@CE=2LJ¡¢HO>R365G^CE=2LOK?3>R=?D£G^CE3[?K?H	I)HO>@CE=2L"I)V5\?CE=25
CE=?ARN{IAR>R=25JI)V=K?3+Q54V]C)x¤HO>R365^LJ
/0?>@L I)ARDlCEVO>RHO0?3¥GJI)=|Q5>@54v5^\IEL IgFI)VO>$I)HO>@CE=C)x¦Z54ARA@54V I)ARDlCEVO>RHO0?3§¨¦]54A$jF©?ª>@\2jFb)«
v0?>@G	0¬>@L[CE[?K?A$I)V6>R=­HO025{Dl5^CEDFV	I)[?0?>@G£>R=fxCEVO3gI)HO>@CE=®LONfLOH543G^CE33+K?=?>RHNl®¯]=fx°CEVOHOK?=&I)ARHN
¦Z54ARA@54VI)ARDlCEVO>RHO0?3±>@Lx°I)A@L5 IEL5~P[?A$I)>R=25^\{>R=£HO0?>@L[&I)[54VJ
²³l´µ¶· r,¸plu G^CE3[?K?H	I)HO>@CE=&I)AMDl5^CE3654HOVONlfDl5^CE3654HOVO>@GBG^CE3[?K?HO>R=?D22¹<54A$I)K?=&I^NgHOVO>$I)=?DFK?A$I,
HO>@CE=&\fN=&I)3>@G+I)ARDlCEVO>RHO0?36L
º»)¼¾½¿À	ÁÃÂ¿Ä½ÅEÄÁ°ÆÃ¼ÇÄ	È¾È¾ÉZ½°Ê)Å,ÅFÀÁ°ÆÃËOÌÍJÉÎaÏ,Ð2ÑMÒºÓ,ºÑ|ÔJÕ×Ö4ØÙZÚ$ÛÜ¤ÝÓfÞ
  aa	  
a
	 

 p  u 54HWI)VOHO>@G4A@5 36CE=HOV5G^CE33654=TH¤A¨5^LO[&IEG^5 \?5^LLO[?0214V5^L¤54HMA¨554K?>RARA$I)Dl5 "!$#&%'
[54K?l54=TH)(4HOV5K?HO>RAR>@L	;^L¤[CEK?V¤>R3[?A@;43654=TH54V5~}gGJIEG^543654=THA$IZLOK?[?[?V5^L	LO>@CE=6\* K?="[CE>R=H\2I)=2LWA$I
HOVO>$I)=?DFK?A$I)HO>@CE=\?5¹<54A$I)K?=&I^Nl+=o\f>R3654=2LO>@CE=7fTLO>a"5^LHA@5\?54DFV;\fKgL	CE33654HyLOK?[?[?VO>R36;FA$I
G^CE3[?A@5~f>RH;B5^LOH\?5 RF&	-,]=[54K?HV543gI)VSTK254VSK25ZG^54HOH5ZG^CE3[?A@5~f>RH;<=25<L.¾I)[?[?AR>@SK25
SK/10 \?5^L{CE[;4V	I)HO>@CE=2LIELL	532QCE= 3gI)VG02;F]A@5^LGJI)A@G4K?A@LA@5^L[?ARK2LG^C54?H54Kf®=/¨;4H	I)=THSK/¨54=
=2CE3Q?V5 AR>R=2;JI)>RV5F
 54H+I)ARDlCEVO>RHO0?365[54K?H6(4HOV5"PKG^CE3365K?=25"FI)VO>$I)HO>@CE=\* K?= I)ARDlCEVO>RHO0?3656[?VCE[CFL;[&I)V
¦Z54ARA@54VB§¨¦]54A$jF©ffª>@\2jFb)«[CE[?K?A$I)>RV5<\2I)=2LA@5<\?CE3gI)>R=25B\?5^LLONfLOH14365^L\* >R=fxCEVO3gI)HO>@CE=£Dl;^CEDFV	I,
[?0?>@SK25FªzI)AR0254K?V54K2L543654=TH]A¾I)ARDlCEVO>RHO0?365CEVO>RDF>R=&I)A¢\?5 ¦]54ARA@54V5^LHx°I)Kf
7 · qJp µ t98  p u Dl;^CE36;4HOVO>@5I)ARDlCEVO>RHO0?3>@STK25FWGJI)A@G4K?AyDl;^CE36;4HOVO>@STK25FHOVO>$I)=?DFK?A$I)HO>@CE=\?5g¹<5~
A$I)K?=&IJNlaI)ARDlCEVO>RHO0?365^L]\fN=&I)3>@SK25^LJ
  #9  !5# !$#
	 #	 !	5#&% 
	 ! # b
  
a "M
]
/025<G^CE3[?K?H	I)HO>@CE=C)xMHO025<¹<54A$I)K?=&I^NHOVO>$I)=?DFK?A$I)HO>@CE=C)xIL54HoC)x£[CE>R=THL>R=HO025Z[?A$I)=25Z>@L
CE=25+C)x¢HO025 G4A$IELL>@GJI)A[?VCEQ?A@5436L>R=G^CE3[?K?H	I)HO>@CE=&I)ADl5^CE3654HOVONl
ª|I)=N®LOHOVOK2G4HOK?V5^LI)=2\ I)ARDlCEVO>RHO0?36L£0&I^l5Q5^54= [?VCE[CFL	5^\ >R= HO025[&IELH{HC G^CE3[?K?H5
¹<54A$I)K?=&IJN+HOVO>$I)=?DFK?A$I)HO>@CE=2LJPCE365C)x&HO025^L5I)ARDlCEVO>RHO0?36LW0&IJl5yHO025HvyC]xCEARA@Cv>R=?DB[?VCE[54VOHO>@5^L
HO0254NgI)V5>R=2G4V543654=TH	I)AI)=2\6HO0254N6\?C+=2CEH K2L5^\oG^CE3[?AR>@GJI)H5^\\2I)H	I LOHOVOK2G4HOK?V5]>R=oIE\?\f>RHO>@CE=HC
HO025HOVO>$I)=?DFK?A$I)HO>@CE=>RHL54Ax×]36CE=?D+HO025^L5ZI)ARDlCEVO>RHO0?36Lvy5GJI)=G4>RH5HO025]0?>@LOHCEVO>@GJI)AI)ARDlCEVO>RHO0?3
C)xW9ZV5^54=I)=2\>RQ2L	CE=z§ 9! Ek,«PCEVLCE365<CEHO0254VFI)VO>$I)=THLB§¨ª!"j#?%$¹BjFd?P¹<54fjFk?P¹'&ªzjFk?
&M543gj( ,«)]ARAvI)A
*>R={HO025BHOVO>$I)=?DFK?A$I)HO>@CE=£HCoIEG^G^54A@54V	I)H5 [CE>R=THA@CPGJI)HO>@CE=
/025IE\fFI)=TH	I)Dl5"C)xHO0&I)HBGJI)H54DlCEVON£C)x ¹<54A$I)K?=&I^N>R=2G4V543654=TH	I)A I)ARDlCEVO>RHO0?3 >@LHO0&I)H<HO0254N
GJI)= Q55JIELO>RARNzHOK?VO=25^\>R=x K?ARARN\fNP=&I)3>@G6¹<54A$I)K?=&I^N I)ARDlCEVO>RHO0?3>R=2G^5HO0254V56>@LB=2C£G^CE3"
[?AR>@GJI)H5^\\2I)H	ILHOVOK2G4HOK?V5xCEV<[CE>R=THBA@CPGJI)HO>@CE=HO025\?54A@54HO>@CE=C)xIo[CE>R=HB>@L<V5^\fK2G^5^\zHCHO025
\?54A@54HO>@CE=£>R=HO025<HOVO>$I)=?DFK?A$I)HO>@CE=>RHL	54Ax×
+{³(,.-/ q / ·- s - ¸ -M· qJsfq /-·0- p
9Z>Rl54="IL54H21C)x2[CE>R=THL>R=<\f>R3654=2L>@CE=&I)APLO[&IEG^5F43651aHO025¹<54A$I)K?=&I^N+HOVO>$I)=?DFK?A$I)HO>@CE=
C)x61 >@L{\?5872=25^\ QN HO025x°CEARA@CJv>R=?D [?VCE[54VOHN9 ;:=<?>!5!$# @BA1C	 D @E 8 !F GBA
	 
	&#0	 !IHJ> LK ! AM	 #@5# N ! AO   P>  Q>R	5 ! #&%? SL % G  .Q>R5! #T M(   #0
FU5#TP	5! #V	 #WX>R5! #TLA.1 L5^5ZY>RDFK?V5 eyxCEVI<¹<54A$I)K?=&I^N"HOVO>$I)=?DFK?A$I)HO>@CE=6>R=HvyC \f>R3654=2LO>@CE=2L'~
9Z>Rl54=HO025"¹<54A$I)K?=&I^NHOVO>$I)=?DFK?A$I)HO>@CE=3[51I)=2\zI6l54VOH5~\>R=?3[51	v5"IE\?\fV5^L	L
HO025<[?VCEQ?A@543 C)x72=2\f>R=?DM3[51@]_^L\2`E	
=6HvyC\f>R3654=2LO>@CE=PHO025=&I)HOK?V	I)Aa[&I)V	I)3654H54VyHC54EI)ARK&I)H5HO025G^CE3[?A@5~f>RHNgC)xHO0?>@Ly[?VCEQf
A@543>@LHO025\?54DFV5^5<"C)xR\g>R=O3651¢LO>R=2G^5HO025\?54A@54HO>@CE=oC)x!\g365JI)=2L HO0&I)HHOVO>$I)=?DFA@5^Ly3+K2LH
Q5"V5436CJl5^\x VCE3 HO025"HOVO>$I)=?DFK?A$I)HO>@CE=I)=2\ ;acb=254vHOVO>$I)=?DFA@5^L+3+K2LOH+Q5G4V5JI)H5^\ HC72ARA
HO0?>@L02CEA@5F=HO025BvyCEVLOH<GJIEL5FaGJI)=£Q5BAR>R=25JI)VJ2Q?K?H]>xd\£>@LG	02CFL54=|V	I)=2\?CE3ARN{>R=e1]2HO0254=
>RHZ>@LZvy54ARA*P=2CJv=zHO0&I)H<HO0255~f[5^G4H5^\£FI)ARK25"C)x{>@Lf#fv>RHO02CEK?H I)=TNzIELLOK?3[?HO>@CE=2LBCE=|HO025
[CE>R=TH]\f>@LOHOVO>RQ?K?HO>@CE=
=0?>RDF0254V\f>R3654=2LO>@CE=PHO025]=K?3+Q54VC)xMLO>R3[?AR>@G^5^L>R=2G4>@\?54=THHCJ\>@L =2CEH\f>RV5^G4HOARNoV54A$I)H5^\
HCHO025W=TK?3Q54V¤C)x2G4V5JI)H5^\+LO>R3[?AR>@G^5^LMHCZ72ARATHO025W02CEA@5F¡Ev5v>RARAlA@54Hhg"\?54=2CEH5HO025 LK?3C)xPHO025^L	5
HvyC{=K?3+Q54VLJ"=zHO025"vCEVLOH GJIEL5FHO025"v02CEA@5¹<54A$I)K?=&I^NzHOVO>$I)=?DFK?A$I)HO>@CE= GJI)=Q5I5^G4H5^\
I)=2\gji 6ZkPlnmpoqMr 	W/0?>@L\f>@LOHOVO>RQ?K?HO>@CE=£\?CP5^L=2CEHV58s&5^G4H[?V	IEG4HO>@GJI)A¢G^CE=R72DFK?V	I)HO>@CE=2LI)=2\I
G^CE=2LH	I)=THZEI)ARK25C)xtgz>@L36CEV5AR>
*l54ARN{>R=£[?V	IEG4HO>@G^5FJY2CEVBIK?=?>x°CEVO3 [CE>R=THZ\f>@LOHOVO>RQ?K?HO>@CE=HO025
5~f[5^G4H5^\EI)ARK25BC)x)g|GJI)={Q5<[?VCl54=HC"Q5BG^CE=2LH	I)=THJ =HO0?V5^5 \f>R3654=2LO>@CE=?HO025B5~f[5^G4H5^\
=K?3+Q54V]C)xW\?54A@54H5^\{H54HOV	I)025^\fVCE=x°CEVUCE>@LLCE=\f>@LHOVO>RQ?K?HO>@CE=>@LOuLvwyxz|{~} b§ ,_$fjF7)«/0TK2LJ¢54l54=>xv5\?C{=2CEHBvI)=H HC=254DFA@5^G4H HO025[CFLLO>RQ?A@5"GJIEL5C)xQ?>RD{EI)ARK25C)xv5
0&IJl5BHC*l5^54[>R={3>R=2\HO0&I)H]IDlCCP\I)ARDlCEVO>RHO0?3±3K2LOH[54V×xCEVO3±vy54ARAMCE=LO3gI)ARAMEI)ARK25 C)x
 r ³S2/ · ¢pr ³ 8-sfq ³ ¸ ¶· r4
Ñ¢Ñ!4ØJÕ
c    8E !$  
 A$IELLO>@GJI)A?G^CE3[?K?H	I)HO>@CE=&I)A2Dl5^CE3654HOVON+0&IJl5I)ARV5JIE\fNIE\?\fV5^LL	5^\HO025[?VCEQ?A@543C)xa\?54A@54HO>R=?D
[CE>R=TH>R= ¹<54A$I)K?=&I^N HOVO>$I)=?DFK?A$I)HO>@CE=£/0?>@LGJI)= Q56\?CE=256v>RHO0CE[?HO>R3gI)AIELN3[?HCEHO>@GoG^CE3"
[?A@5~f>RHN&W>R=£7\f>R3654=2LO>@CE=2L §  025Jk( ?p9!fkFj)«.$K?HHO025^L5BI)ARDlCEVO>RHO0?36L]I)V5BIAR>RHOHOA@5<Q?>RH
HCPC>R=THOVO>@GJI)H5+I)=2\HO025ZQ?>RDg 0?>@\?5<IHCPC>R3[CEVOH	I)=HG^CE=2LOH	I)=THHCQ5ZDlCPC\I)ARDlCEVO>RHO0?36Lx°CEV
V5JIEL	CE=&I)Q?A@5BEI)ARK25^LC)x L	5^5P5^G4HO>@CE=df¾b '~
UWV	IEG4HO>RHO>@CE=254VLC)x H54= [?V5~x54VI)ARDlCEVO>RHO0?3>@GLO>R3[?AR>@G4>RHN HCHO025^CEV54HO>@GJI)ABCE[?HO>R3gI)AR>RHNl]I)=2\
[?V5~x°54VLO>R3[?A@5<LOK?QCE[?HO>R3gI)A¢ { W>R3[?A@543654=TH	I)HO>@CE=|C)xMHO025B\?54A@54HO>@CE=£I)ARDlCEVO>RHO0?3HGJI)=Q5\?CE=25FMx°CEV+5~?I)3[?A@56QTN@s2>R[?[?>R=?D£HCV5^\fK2G^56HO0256\?54DFV5^5oC)xHO025g\?54A@54H5^\l54VOH5~HC£bfI)=2\
s2>R[?[?>R=?DI)DTI)>R=|HCgV5^LHCEV5+HO025¹<54A$I)K?=&I^N£[?VCE[54VOHNl']=2CEHO0254VBLO>R3[?A@5I)ARDlCEVO>RHO0?3 G^CE=2LO>@LHL
>R=j72=2\f>R=?DoHO025 ¹<54A$I)K?=&IJNHOVO>$I)=?DFA@5 >R=2G4>@\?54=H]HCgI)=|5^\fDl5+C)xWHO025B02CEA@5+>R=z&HO>R365Bv0?>@G0
I)A@L	C"N>@54A@\?LI)=z { HO>R365+I)ARDlCEVO>RHO0?3=6l54VONLO>R3[?A@5ZRF&¢LCEARK?HO>@CE=o0&I^l5Q5^54=gLOK?DFDl5^LH5^\6QTN¦Z54ARA@54V§¨¦Z54A$jF©?lª>@\2jFb)«
v0254V5Z5JI)VLC)xHO02502CEA@5<I)V5 72ARA@5^\o>R=oHOK?VO==gHO0&I)HvI^N\fK?VO>R=?DHO025<I)ARDlCEVO>RHO0?3 vy5BI)ARvIJNPL
0&IJl5 I"LO>R3[?A@5Z[CEARNPDlCE=C)x\?5^G4V5JIEL>R=?D6LO> 2J5ZHC"HOVO>$I)=?DFK?A$I)H5F ¯]=fxCEVOHOK?=&I)H54ARNl?HO0?>@LL	CEARK?HO>@CE=
>@LvVCE=?D2?Q?K?Hvy5 v>RARAMLO02CJv>R={HO0?>@L[&I)[54V02CJv HC6G^CEVOV5^G4H>RHJ
 ³ r 2/-³T¶
=HO0?>@L¢[&I)[54VJEvy5[?VC>@\?5Il54VONLO>R3[?A@5I)=2\"5~}gG4>@54=H6RF&MI)ARDlCEVO>RHO0?3 HCZ\?54A@54H5
I|l54VOH5~ >R=¬I[?A$I)=&I)Vo¹<54A$I)K?=&I^N­HOVO>$I)=?DFK?A$I)HO>@CE= Q&IEL5^\ CE=¬LO0254ARAR>R=?D®§ $ª@ PeFtP54>$k#E«]I)=2\
\fK&I)AR>RHN§¨¹<ª/jF7?aU¢5^\T E©E«5I)A@LCo\f>@LG4K2LLHO02555^G4HO>Rl5G^CE3[?A@5~P>RHN£C)xHO0?>@L]I)ARDlCEVO>RHO0?3
I)=2\ C)xI x54v CEHO0254VLx°CEV{LO3gI)ARABFI)ARK25^L{C)x65zv>RARA LOHOK2\fN¬HO025\f> 54V54=THe*>R=2\?L{C)x
Dl5^CE3654HOVO>@G+[?V5^\f>@GJI)H5^L=25^G^5^LLI)VONgx°CEVHO025^L5+I)ARDlCEVO>RHO0?36LJ
/0?>@LyI)ARDlCEVO>RHO0?3v54ARA&Dl54=254V	I)AR> 2J5]>R=60?>RDF0254Vy\f>R3654=2L>@CE=2LJl>RHL HO>R365G^CE3[?A@5~P>RHNQ5^G^CE365^L
6PgZRFXg¢v0254V5g>@LZHO025=TK?3+Q54V C)xyG4V5JI)H5^\|H54HOV	I)025^\fVCE=MI)=2\|>RH<Dl54=254V	I)AR> 2J5^L I)A@LCHC
V54DFK?A$I)VHOVO>$I)=?DFK?A$I)HO>@CE=2L  [CJv54V]\f>$I)DFV	I)36L '~
   "
	 a	+]g	×
	
 \?54A@54HO>@CE=zI)ARDlCEVO>RHO0?3 0&IELHC6V5436CJl5"I)ARAHOVO>$I)=?DFA@5^LZ>R=2G4>@\?54=THZHCf\zI)=2\V54HOVO>$I)=?DFK?A$I)H5HO025
LH	I)V×LO0&I)[5^\z[CEARNPDlCE= i ^

  
Oi4`G4V5JI)H5^\QNHO025^L5V5436CEI)A@LL5^5
Y>RDFK?V56e '~
 "! #%$'&)(+*,$'-/.0$213&546-879$;:<7=46&)>@?5ACB
572VLOHg\?5872=25{v0&I)HoI)= 5JI)VgC)x+I|[CEARNPDlCE= >@LJ /0?V5^5G^CE=2L5^G4K?HO>Rl5l54VOHO>@G^5^LI)A@CE=?D 
QCEK?=2\2I)VONEGFHFJI  GFKI
{
I)V5BL	I)>@\HC"x°CEVO3±I)=5JI)VC)xL >x¤HO025<AR>R=25 L54DF3654=HMGF@GFKI
{
>@L>R=2L>@\?5
 I)=2\\?CP5^L =2CEH>R=TH54VL5^G4H>RHL QCEK?=2\2I)VONlV= 5JI)VC)x v>RARAyQ56LI)>@\¹<54A$I)K?=&I^Nl¤>xHO025
G4>RVG4A@5o[&IELLO>R=?DHO0?VCEK?DF0N F  FKI O FKI
{
\?CP5^L+=2CEHG^CE=TH	I)>R= I)=TNCEHO0254Vl54VOHO>@G^5^LC)x {¦Z54ARA@54V
ÒQPÑMÒÝ
  #9  !5# !$#
	 #	 !	5#&% 
	 ! # d
 
	


 

Y>RDFK?V56eW¹<54A@54HO>@CE=C)xIl54VOH5~
§¨¦Z54A$jF©,«I)=2\ ª>@\fHOQ §¨ª>@\2jFb,«G4A$I)>R365^\  v>RHO02CEK?H"[?VCPC)x'<HO0&I)HI)36CE=?DI)ARAyHO025g[CEH54=THO>$I)A
5JI)VL  F  FKI 
 FKI
{
C)x ¥HO025Z5JI)V0&IJ>R=?D"HO025<G4>RVG4K?36G4>RVG4A@5BC)xLO3gI)ARA@5^LHyV	IE\f>RK2L>@LI¹<54A$I)K?=&I^N
5JI)VJ /0?>@L6G4A$I)>R3>@Lx°I)A@L	5IEL">RARARK2LHOV	I)H5^\QTN Y¢>RDFK?V57fHO025A@5~x HC)x_Y>RDFK?V57|LO02CvL"HO025
¹<54A$I)K?=&IJN HOVO>$I)=?DFK?A$I)HO>@CE= 365o1"I)=2\­HO025{02CEA@5 iHCQ5V54HOVO>$I)=?DFK?A$I)H5^\¡HO025{VO>RDF0HoC)x
HO025M72DFK?V5LO02CJvLHvyC|[CEH54=HO>$I)A5JI)VL%    
{
I)=2\N  
{
 w  + I)V      {
>@LHO025CE=25ov>RHO0
L3gI)ARA@5^LOHyG4>RVG4K?36G4>RVG4A@5<I)36CE=?D"I)ARA5JI)VL C)x= TQ?K?Hy>RH G^CE=TH	I)>R=2L  w v0?>@G	0o>R=EI)AR>@\2I)H5^L¦Z54ARA@54VI)=2\ª>@\fHOQBG4A$I)>R3¤/02554VOVCEVC)x¦Z54ARA@54V I)=2\ª£>@\fHOQ<>@L¤HCBIELLK?365HO0&I)HWv0254=vy5\?5~x°CEVO3
IG4>RVG4A@5"HO0?VCEK?DF0 

{
HCDFVCJv>RHLB[&I)VOH+>R=2LO>@\?5 HO025V	IE\f>RK2L >@LB>R=2G4V5JIELO>R=?D2Q?K?HBHO0?>@L >@L
HOVOK25+CE=?ARNo>x¤HO025 G^54=TH54V]C)xHO025 G4>RVG4A@5 >@L>R=2LO>@\?5  v0?>@G0>@L=2CEHHO025 GJIEL5<>R=eY>RDFK?V5+7f
= xÃIEG4HJHO025>@\?5JIzC)x_72=2\f>R=?D I)= 5JI)VHO0&I)HQ54A@CE=?DlLHCzHO025{¹<54A$I)K?=&IJN HOVO>$I)=?DFK?A$I)HO>@CE=
vCEVL*PL?Q?K?Hv>RHO0I)=2CEHO0254V]G4VO>RH54VO>@CE=|IEL5~P[?A$I)>R=25^\£Q54A@Cv 
    :<$C-C$ $;-/. 46- ! A"/:":
/0254V5£5~P>@LOHgI|v54ARA*P=2CJv=¬\fK&I)AR>RHN Q54Hv5^54= ¹<54A$I)K?=&I^N­HOVO>$I)=?DFK?A$I)HO>@CE= >R= \f>R3654=2LO>@CE=®
I)=2\¬G^CE=Tl5~ 0TK?ARA]>R=¬\f>R3654=2LO>@CE=  : < § ]K?V	k( P¹<ª|/jF7)«¬xZv5£IELLCPG4>$I)H5{HC I[CE>R=H
\Vi $#6&%&('1I[CE>R=TH0\*)_i $# &% +# { :,% { CE=HO025 [&I)V	I)QCEA@CE>@\,-­C)x&5^STK&I)HO>@CE=/.[i0# { :,% { HO025¹Z54A$I)K?=&IJNHOVO>$I)=?DFK?A$I)HO>@CE=C)xd1 >@LWHO025[?VC)XO5^G4HO>@CE=oC)xHO025G^CE=l5~60TK?ARAaC)xHO025bE¹ [CE>R=THL
/025V5JIELCE=>@L HO0&I)HyxCEV\=
 &132'1Z \>@L >R=2L>@\?5HO025]G4>RVG4A@5 4768&9yHO0?VCEK?DF0 :1;2>x¢I)=2\oCE=?ARN
>x\ ) >@LZQ54A@CJv HO025[?A$I)=25,<=68&9ZHO0?VCEK?DF0  ) 1 ) 2 ) $-?>@<68&9Z[?VC)X×5^G4HL<CE=G4>RVG4A@5A4768+9'~ 5
54l54=z0&IJl5HO0255^SK&I)AR>RHN£Q54Hv5^54=HO025[Cvy54VBC)x2\|v>RHO0|V5^L[5^G4HZHCB4 6C8&9 I)=2\|HO025L>RDF=25^\
l54VOHO>@GJI)A¢\f>@LOH	I)=2G^5BQ54Hvy5^54=;\*)I)=2\<=6C8&9ED
F ÒHGI ¼¾½ÄKJ ¼¨ÁLJ È¾ËÀ3GJ ËB^ÆÃË ÁM"ÄUEÌBÁÄ~Ì¼ Ê,½NPO:Q¼¾½Ä]ÅFÀ¼ JÆ ÄUEÌ,Ra¼¾½Ä]È¾¼ )ËÆÃ»ÁÃÀ~Ê:S»5Q+¼ ^ÆÃË ÁÃ½°ËTJÆÃ¼ :SI
¼ KUÄ)Ì5VWO)ÆÃ»,ËBXQZY&[\&NP]^Q`_aIbdcfe MgQWe qih N q c QU Q:V<¿»,Ë ÁÃË j:k¼¾½ÆÃ»)ËW½°¼^S8,ËOÌ<È¾ËB:S	ÆÃ»<À3GljkPmWQZY&[=\+NP]^Q`_nIb
Ñ¢Ñ!4ØJÕ
#    8E !$  
 
   


 
 
 
Y>RDFK?V5|7R/025LO3gI)ARA@5^LOHg[CEH54=THO>$I)A<5JI)Vg3gIJN­=2CEHgQ54A@CE=?DlLgHC ¹Z54A$I)K?=&IJNl /025£L0&IE\?5^\
HOVO>$I)=?DFA@5<>@LHO025B5JI)Vv>RHO0{LO3gI)ARA@5^LOHV	IE\f>RK2LJPQ?K?H>RHG^CE=TH	I)>R=2LM+I)=2\HO0TK2L\?C=2CEHQ54A@CE=?DlLHC
¹<54A$I)K?=&IJNl
ÒQPÑMÒÝ
  #9  !5# !$#
	 #	 !	5#&% 
	 ! #  
    A : :"> -87
 CE=l5~g0TK?ARAGJI)=oQ5G^CE3[?K?H5^\oQTNHO025ZLO0254ARAR>R=?DI)ARDlCEVO>RHO0?3 § P54>$k#)«W/025]LO0254ARAR>R=?Do§ $ª Pe4«
C)x¤I+G^CE=l5~o[CEARN025^\fVCE=< >@LHO025Z54=K?3654V	I)HO>@CE=£C)xM>RHLyxÃIEG^5^Ly>R=LCE365<LONP3[&I)HO0254HO>@G<CEV\?54VJ
5Z>R3gI)DF>R=25<HO0&I)HI)={CEQ2L54VOl54V>@L36CJP>R=?DgI)A@CE=?D6I+AR>R=25DlCE>R=?DHO0?VCEK?DF0{HO025][CEARNP025^\fVCE=
LH	I)VOHO>R=?D"I)HyHO025>R=H54VL5^G4HO>@CE={C)x < I)=2\ hHHO025LH	I)VOHO>R=?D[CFLO>RHO>@CE=HO025]CEQ2L54VOl54VGJI)=L5^5
CE=?ARNCE=25xÃIEG^5C)x< HO025xÃIEG^5>R=H54VL5^G4HO>R=?D>RHLHOV	I,X×5^G4HCEVON 'I)=2\v0254=o>RHW36CJl5^LI^vI^NxVCE3
HO025K< >RH\f>@LG^Cl54VLCEHO0254VyxÃIEG^5^LCE=25QNgCE=25F¡?I)H HO025]>R=R72=?>RHNgHO025ZCEQ2L54VOl54VL5^50&I)Ax	C)x <6
/0254=HO025ZCEQ2L54VOl54VV5^LOH	I)VOHI)Hy>R=R72=?>RHNCE=HO025ZCE[?[CFLO>RH5<LO>@\?5ZC)x
  v0254V5]>RHL5^5]HO025<CEHO0254V
0&I)AxC)xK<'~WI)=2\ HO0254= 36CJl5^LCE=54=TK?3654V	I)HO>R=?DHO025gxÃIEG^5^LC)x < v0254= HO0254N \f>@L	I)[?[5JI)V
xVCE3 >RHLBP>@54v +/0?>@L CEV\?54VB>@LBGJI)ARA@5^\zHO025LO0254ARAR>R=?DCEV\?54V C)x < v>RHO0V5^LO[5^G4H<HC¡>RHB0&IEL
HO025"[?VCE[54VOHNzHO0&I)HBHO025L54H C)x54=TK?3654V	I)H5^\x°IEG^5^LBV543gI)>R=L>R3[?ARN|G^CE=?=25^G4H5^\ \fK?VO>R=?D{HO025
54=K?3654V	I)HO>@CE=XP54>@\?54AI)ARDlCEVO>RHO0?3 x°CEVG^CE=l5~o0TK?ARAV54[CEVOHLHO025xÃIEG^5^LC)xMHO025ZG^CE=Tl5~o0K?ARA>R=
HO0&I)HyCEV\?54V 3gI)>R=TH	I)>R=?>R=?DI<[?VO>@CEVO>RHN6STK254K25C)x[CEH54=THO>$I)Aa=254v xÃIEG^5^LJ¢/025^L	5=254v­xÃIEG^5^L0&IJl5
HvyCV*P>R=2\?L \?54[54=2\f>R=?D{>xyHO025=25~PH<xÃIEG^5"G^CE=TH	I)>R=2LIg=254vwl54VOH5~zCEVBAR>R=!*PL I)ARV5JIE\fN|P>@LO>RQ?A@5
l54VOHO>@G^5^L
   :n ?5>"46- > -  :<$C-C$
5GJI)==2Cv lV54K2L5HO025>@\?5JI<C)x72=2\f>R=?D+¹<54A$I)K?=&I^N5JI)VLWHC<V54HOVO>$I)=?DFK?A$I)H5HO02502CEA@5G4V5JI)H5^\
QNoHO025+\?54A@54HO>@CE=C)xI"[CE>R=H)\>R=3651	¯ZLO>R=?D6\fK&I)AR>RHN{v>RHO0£G^CE=l5~{0TK?ARAÃ2HO025<[?VCEQ?A@543
>@LHOV	I)=2L×x°CEVO365^\ >R=G72ARAR>R=?DzHO02502CEA@5>R= HO025G^CE=l5~ 0TK?ARAG4V5JI)H5^\ QNHO025\?54A@54HO>@CE= C)x\ ) 
/0254=ovy5]GJI)=6V543gI)VL*HO0&I)H>xvy5K2L5HO025L0254ARAR>R=?D+CEV\?54V v>RHO0oV5^LO[5^G4H HCBHO025l54VOHO>@GJI)AaAR>R=25
HO0?VCEK?DF0[\ ) I)=gCEQ2L	54VOl54V  DlCE>R=?D+K?['WV5JIEG0?>R=?DJ\ ) L5^55~2IEG4HOARN"HO025QCEK?=2\2I)VON"C)xHO0?>@L 02CEA@5F¡
HO0K2L HO025Z54=2\gC)xHO025]LO0254ARAR>R=?D"G^CEVOV5^LO[CE=2\o5~?IEG4HOARNHC+HO025HOVO>$I)=?DFK?A$I)HO>@CE={C)xHO025]02CEA@5FW/0?>@L
[&I)VOHO>$I)ALO0254ARAR>R=?D|>@L+5JIELO>@54VHC>R3[?A@543654=H"HO0&I)= P54>@\?54AI)ARDlCEVO>RHO0?3WLO>R=2G^5oI)ARAHO0256l54VOHO>@G^5^L
I)V5"I)ARV5JIE\fNP>@LO>RQ?A@5"I)=2\£HO0K2LZCE=?ARNCE=25*P>R=2\C)x[CEH54=THO>$I)AW=254v xÃIEG^5^L0&IJl5HCoQ5Bx°CEK?=2\
/025oI)ARV5JIE\fN=2CEHO>@G^5^\ G^CEVOV5^LO[CE=2\?54=2G^56Q54Hv5^54= l54VOHO>@GJI)A\f>@LOH	I)=2G^5oI)=2\ [Cvy54VN>@54A@\?LHC
HO025Zx°CEARA@CJv>R=?DoA@5433gIf
³  su ! E # 	M>R  .%(5#D i ^

  
ei 4`D	5#D	M>!5!$#
\ 8RF p	_ L.%9BA  F  FKI  
5#&%5;Pe  [ 
	&#0	 !	 #&%  	 !5# BA
^

  \|`   A \ 1P \6 L1!"#F< F 
 FKI G
 FJI
{
O$-!$OH !$# ! HO	5&%_ #
 F  FJI
{
! 	5# L.%9 LAQ '
	 #	 !	5#&% 
	 ! #@BA
G
  `
¼ ½('×Ë ÁÃÀÀIÍFÀ~Ê4)Ì)ÄÁ°ÉgO4,ËTS4ÄÆÃ¼*)~ËW¼ ,½°¼ Ì,Ë Ä)ÌZÅFÀ~½°¼¨ÆÃ¼+)4ËÀ~ÊÆÃ½°¼ÇÌË m-,{»,ËB I¼¾½S¼+)4ËB<Í^ÉÆÃ»,ÁÃË×ËWÅFÀ¼ ^ÆÃ½TO,ÆÃ»)Ë
ÅFÀ¿Ë ÁlJ×ÄUÍFËJ À .Å)Ê,ÆÃË×ÌW¿¼¨ÆÃ»,À~Ê,ÆdJ À .Å)ÊÆÃ¼ SMÆÃ»,ËÁÄ~Ì¼¾Ê)½2Ä½2Ë0/Å,ÈÇÄ	¼ )ËOÌ ¼ ÏË+JÆÃ¼ ÀZ m Õ3m&ÐfÀO¿Ë Á&¼¾½W)ËTS~Ä	ÆÃ¼+)4Ë
¼ ,½°¼ Ì,Ë¤ÆÃ»)Ë"J ¼¨ÁLJ È¾ËyÄUEÌÅFÀ~½°¼¨ÆÃ¼+)4ËWÀ~ÊÆÃ½°¼ÇÌË m
Ñ¢Ñ!4ØJÕ
k    8E !$  
/0TK2L HO025g\?54A@54HO>@CE= C)xI[CE>R=HGJI)=Q5">R3[?A@543654=TH5^\ >R= I{LO>R3[?A@5vI^Nl¢3gI)>R=TH	I)>R=?>R=?D
I6LOHOVOK2G4HOK?V5+HCoLOHCEV5BHO0255JI)VLJ/025+5JI)VLZI)V5 =&I)HOK?V	I)ARARN£CEV\?54V5^\zI)A@CE=?DgHO025+QCEK?=2\2I)VONC)x
HO025Z02CEA@5F2I)=2\5JIEG00&IJl5 I+[?VO>@CEVO>RHNl /0?>@LLOHOVOK2G4HOK?V5<3K2LOHLOK?[?[CEVOHHO025]x°CEARA@CJv>R=?D6CE[54V	I,
HO>@CE=2L'72=2\=25~PHI)=2\[?V54>@CEK2L5JI)VJf\?54A@54H5<5JI)Vv>RHO03>R=?>R3K?3 [?VO>@CEVO>RHNI)=2\o36CP\f>xNHO025
[?VO>@CEVO>RHNC)xWI)={5JI)VJW/0?>@LLOHOVOK2G4HOK?V5BGJI)=Q5Z>R3[?A@543654=H5^\{v>RHO0£I)=TN\f>@G4HO>@CE=&I)VONLHOVOK2G4HOK?V5
I)K?DF3654=H5^\QN=25~fHI)=2\{[?V54P>@CEK2L[CE>R=TH54VLJ
m8  · r / q  3  & 3651
\ '
eF &54HM       HO025Bl54VOHO>@G^5^L>R=2G4>@\?54=HHCf\£>R=3[51 >R=£G^G4v CEV\?54VZI)VCEK?=2\O\M¡
7f &54H Q5 I[?VO>@CEVO>RHN{SK254K25F¡
bf · r hi q ·z6a <
c2 ¸ ·
	`1N F  FKI 
 FKI
{
¡
df /G^CEK?=TH54VG4A@CPGy*Pv>@L5 @ F  FKI 
 FKI
{
'
#f q ³p-D\ ¡ #X	5# L	
 P ³ 8 p ³ \ a.\ 1P \6 
	`1T	¡ ! # !9[F3! BF  ~>R 
kf  >R=2L54VOH N\M*	 1 '~¡ S> !!  8
jf ¶  / 8 ³LO> 2J5F"
eJ©f ¸ · 
	`1 ! 3>R=?>R3K?3 '~¡
eFeF G4V5JI)H5BHOVO>$I)=?DFA@5 
	`1"I)=2\AR>R=!*l5^\{>RHHC>RHLHvyCg5~f>@LOHO>R=?D=254>RDF0QCEVLJ¡
eJ7f 
	`1"#	 1f [?V54P>@CEK2LJ¡
eJbf 
	`1p<$	 1f =25~fHJ¡
e4c2 
	`1"f l54VOH5~*°7 '%
	`1f l54VOH5~*°7 '~¡ 
	`1f =25~fH&	 1p<l¡
eJdf 
	`1p<l l54VOH5~*°© '%
	`1f l54VOH5~*°© '~¡ 
	`1%<l [?V54P>@CEK2L& 
	`1bP¡
e #f ¨\?54A@54H5  	 1 '~¡
e P  36CP\f>xNTÃ[?VO>@CEVO>RHN  	 1" '~¡
eJkf  36CP\f>xNTÃ[?VO>@CEVO>RHN  	 1p<'~¡
eJjf 
	`1 3>R=?>R3+K?3 '~¡ 0   %  
	  L	[	 !&#T !Fy	5
7F©f G4V5JI)H5BHOVO>$I)=?DFA@5 
	`1I)=2\{AR>R=!*l5^\{>RHHC">RHLHO0?V5^5 5~P>@LHO>R=?D6=254>RDF0TQCEVLJ¡
'j/  ( ³ r¸ /  ³%- p / ·- /025oDl54=254V	I)AR> 2I)HO>@CE=­HCz\f>R3654=2LO>@CE=2L>@L"5JIELONl¤HO025gQCEK?=2\2I)VON
C)xyHO025V54DF>@CE=HCV54HOVO>$I)=?DFK?A$I)H5>@L IoLO>R3[?A@5"[CEARN025^\fVCE=  I)=2\|HO0255JI)VL I)V5"LO>R3[?AR>@G^5^L
x°CEVO365^\QTNHO025l54VOHO>@G^5^LBC)xHvC>R=2G4>@\?54=THZx°IEG^54HL<C)xC ]/025"\f> 54V54=2G^5+>@LZHO0&I)HZHO025"L	I)365
L>R3[?A@5~g3gI^NgG^CEVOV5^L[CE=2\HCÃ { ¤[&I)>RVC)x>R=2G4>@\?54=THxÃIEG^54HLJfI)=2\oHO0&I)HHO025<G4V5JI)HO>@CE={C)x¢I)=5JI)V3gIJN36C\f>xN{6Ã { yCEHO0254V]5JI)VL>R={HO025B[?VO>@CEVO>RHNSK254K25F
ÒQPÑMÒÝ
  #9  !5# !$#
	 #	 !	5#&% 
	 ! # j
    w+ a 
  "! %4 1  &  46B(8? $ ?5>"46-
]=£I)=&I)ARNPHO>@GJI)AM5~P[?V5^L	LO>@CE=£C)x¤HO025<[Cvy54V]C)x9\v>RHO0V5^L[5^G4HHC     
{
>@L

	:E	:          L

   "! $#
%& %'  %&"! %(#
   *) %      +) %      !*) %  !  # ) % #
, , , ,


  -  .  !
%   %  /%  !
, , ,

/025$10 \?54H54VO3>R=&I)=TH >@LZHO025"CEVO>@54=TH	I)HO>@CE= H5^LOHZC)x    
{
I)=2\|HO025321042\?54H54VO3>R=&I)=TH
HO0256>R=2G4>RVG4A@5gH5^LOHC)x\ v>RHO0 V5^LO[5^G4H HC 

{
 5g0&I^l56HC£=2CEHO>@G^572VLOH+HO0&I)H+>x

{0&IELHO025ZvVCE=?DCEVO>@54=TH	I)HO>@CE=?HO0254=>RH>@L=2CEHI)=5JI)VI)=2\HO0TK2LHO025 26072\?54H54VO3>R=&I)=H\?CP5^L
=2CEH=25^5^\HC6Q5BG^CE3[?K?H5^\L5^G^CE=2\{HO0&I)H]HO025 CEVO>@54=TH	I)HO>@CE=zH5^LOH>@LZI"3>R=2CEV]C)xWHO025+>R=2G4>RVG4A@5
H5^LHyI)=2\gHO0K2L HO025[Cvy54VG^CE3[?K?H	I)HO>@CE=X K2LOH =25^5^\?LyCE=25]\f>R>@LO>@CE=o>R=IE\?\f>RHO>@CE=HCBHO025K2LK&I)A
>R=2G4>RVG4A@5 H5^LOHJ
¯]LO>R=?D\fN=&I)3>@G[?VCEDFV	I)33>R=?D"\?54l54A@CE[?3654=THC)xHO025\?54H54VO3>R=&I)=HJHO025[Cvy54VG^CE3[?Kf
H	I)HO>@CE=£=25^5^\e4cgIE\?\f>RHO>@CE=2LJMeJd3K?ARHO>R[?AR>@GJI)HO>@CE=2LBI)=2\CE=25 \f>RP>@LO>@CE=
8]CEHO>@G^5>x¤X×K2LOH 
{
G	0&I)=?Dl5^LJvy56\?C£=2CEH =25^5^\HCV5^G^CE3[?K?H5o54l54VONPHO0?>R=?D2=xÃIEG4H v5
GJI)=\?C">RHv>RHO0 #6IE\?\f>RHO>@CE=2LJ 3K?ARHO>R[?AR>@GJI)HO>@CE=2LBI)=2\CE=25 \f>RP>@LO>@CE=
    9 46B/:n! ><? 
/025 HO025^CEV54HO>@GJI)A¤IELONP3[?HCEHO>@G G^CE3[?A@5~f>RHNlaHO0?>@L]I)ARDlCEVO>RHO0?3 >@LG4A@5JI)VOARNRF&	?Q?K?H]HO0?>@L
G^CE3[?A@5~f>RHN{>@L>R=TlCEARl5^\£CE=?ARNx°CEVHO025B3gI)=&I)Dl543654=HZC)x¤HO025B[?VO>@CEVO>RHNSK254K25Bv0?>@G	0£>R=TlCEARl5
V54A$I)HO>Rl54ARN®G025JI)[ CE[54V	I)HO>@CE=2L  [CE>R=H54V{3gI)=?>R[?K?A$I)HO>@CE=2L£I)=2\ G^CE3[&I)VO>@LCE=2LC)xG^CE3[?K?H5^\
[CJv54V '~
>R=2G^5HO02536CFLOHB5~f[54=2L>Rl5+Dl5^CE3654HOVO>@GCE[54V	I)HO>@CE=2L I)V5HO025[CJv54V G^CE3[?K?H	I)HO>@CE=2LJv5
v>RARAG^CEK?=H65~?IEG4HOARN HO025=TK?3Q54VoC)xZLOK2G	0 CE[54V	I)HO>@CE=2LJ /025>R=?>RHO>$I)ALO> 2J5{C)xZHO025[?VO>@CEVO>RHN
SK254K25<>@L2I)=2\{HO0K2L>RHL>R=?>RHO>$I)AR> 2I)HO>@CE=£=25^5^\?L]I)H36CFLOH]o[Cvy54VG^CE3[?K?H	I)HO>@CE= + IEG05JI)V
G4V5JI)HO>@CE=a36CP\f> 7&5^\£HvyCCEHO0254VZ5JI)VL<I)=2\HO0K2L]HvyCo[Cvy54VLZ=25^5^\HCgQ5+V5^G^CE3[?K?H5^\I)=2\
HO025\?54A@54HO>@CE=z>@L<G^CE3[?A@54H5^\v0254=zHO025LO> 2J5C)x HO025SK254K25>@LZbfHO0K2L]HO025HCEH	I)A=TK?3Q54V C)x
[CJv54VG^CE3[?K?H	I)HO>@CE=2L]>@L]Q:cbP a:2Pil a:;f
H¢>@L[CFLLO>RQ?A@5FFIEL=2CEHO>@G^5^\"I)QCl5FEHCK?[\2I)H5 HO025 [Cvy54V¤C)x(\+v>RHO0V5^LO[5^G4HMHCM F  FKI 
 FKI
{v0254=5JI)V  FJI 
 FKI
{
 FKI w >@L<[?VCG^5^LL	5^\=zHO025"=254vw[CEARNPDlCE=  ]Q^ F : b%`l6 F  FKI 
 FKI w >@LI)=5JI)VI)=2\HO025"[Cvy54VC)xh\v>RHO0 V5^LO[5^G4HBHC  F  FKI 
 FKI w GJI)=Q5CEQ?H	I)>R=25^\QTNzK?[\2I)HO>R=?D
Ñ¢Ñ!4ØJÕ
eJ©    8E !$  
HO025+[Cvy54V<C)x|\£v>RHO0V5^LO[5^G4H]HCGF@GFKI  GFKI
{
xCEV]IgG025JI)[54VZG^CFLHJ/0254=£HO025HCEH	I)AM=TK?3Q54V
C)xWG^CE3[?K?H	I)HO>@CE=2L]Q5^G^CE365^LJbFa 2[CJvy54V]G^CE3[?K?H	I)HO>@CE=2LZI)=2\6a:2[Cvy54V]K?[\2I)H5^LJ
     47C(?5- ((3>"((Z $'-/. . 7  - &5$ >n (
/025zI)ARDlCEVO>RHO0?3 [?V5^L54=H5^\ I)QCl5\?C =2CEH{IE\?\fV5^LLVCEQ?K2LOHO=25^LL>@LLOK25^L x HO025 s&ClI)HO>R=?D
[CE>R=THI)VO>RHO0?3654HO>@G£>@LK2L	5^\­HC[54V×xCEVO3[CJv54VoG^CE3[?K?H	I)HO>@CE=2LJHO025£V5^LOK?ARHLgI)V5{VCEK?=2\?5^\
I)=2\HO0254>RVG^CE3[&I)VO>@LCE=2LG^CEK?A@\Q5Z54FI)ARK&I)H5^\>R=I vVCE=?DvI^Nl 5<GJI)=72VLOHCEQ2L54VOl5ZHO0&I)H
HO025g\?54A@54HO>@CE= I)ARDlCEVO>RHO0?3 v>RARAyH54VO3>R=&I)H5g54l54= v>RHO0>R=2G^CEVOV5^G4HI)VO>RHO0?3654HO>@G>RHf72ARAy5JI)VL+>R=
HOK?VO=|I)=2\HO0TK2LZG^CE=2LOHOVOK2G4H<I"HCE[CEA@CEDF>@GJI)A¢HOVO>$I)=?DFK?A$I)HO>@CE=v0?>@G0GJI)=Q5 =2CE=£¹<54A$I)K?=&I^NlCEV
54l54= 0&I^l5I{=2CE=fÃ[?A$I)=&I)V543Q5^\?\f>R=?D2 $yK?HJW54l54= >x[?VC\fK2G4>R=?DI{=2CE=f5~2IEG4H¹<54A$I)K?=&I^N
HOVO>$I)=?DFK?A$I)HO>@CE=¬3gI^N Q5{IEG^G^54[?H	I)Q?A@5x°CEV"HO025\?54A@54HO>@CE=¬I)ARDlCEVO>RHO0?3>RH">@L"K?=&IEG^G^54[?H	I)Q?A@5x°CEV
3gI)=N>R=2L54VOHO>@CE=I)ARDlCEVO>RHO0?36Lv0?>@G	0|I)V5B=2CEHZI)Q?A@5<HC[?VCG^5^L	LK?=25~?IEG4HHOVO>$I)=?DFK?A$I)HO>@CE=
/025K2LK&I)A¢vI^N|HCL	CEARl5+VCEQ?K2LOHO=25^L	L<>@LLOK25^LZG^CE=2LO>@LOHL<>R=|K2LO>R=?D{5~?IEG4HBI)VO>RHO0?3654HO>@GF+/¢C
54=2LK?V5{DlCCP\[54V×xCEVO3gI)=2G^5Fvy5GJI)= K2L5I)VO>RHO0?3654HO>@Ge72ARH54V6HCK2L5{5~2IEG4HgG^CE3[?K?H	I)HO>@CE=2L
>R=z[CJv54V+G^CE3[&I)VO>@LCE=2L+CE=?ARN>R=\f>}gG4K?ARH GJIEL5^LBv0254V5"HO025"HvyC{[CJv54VL+I)V5G4A@CFL5FPCE365
5~2IEG4H+G^CE3[?K?H	I)HO>@CE=2L6I)V5K2L	5^\HCH	I4*l5gHO025VO>RDF0TH"\?5^G4>@LO>@CE=/0?>@L"I)[?[?VClIEG0C)xX72ARH54VO>R=?D
CEK?H5JIELONGJIEL5^L0&IELQ5^54=[?VCl54=5~}gG4>@54=THCE=HO025<CEVO>@54=TH	I)HO>@CE=zI)=2\o>R=2G4>RVG4A@5<H5^LHLB§¨¹ZUyjFk)«
¹<54Dl54=254V	IEG4>@5^L]GJI)=Q5BL	CEARl5^\{K2LO>R=?D[54VOHOK?VOQ&I)HO>@CE=£H5^G0?=?>@SK25^L§ P54>$jFk?!]¹Qfj( «
  gW
	 
a]oa×
 
C"! 9 4L.
N$'-/.0.8$? $
5>R3[?A@543654=TH+HO0?>@L<I)ARDlCEVO>RHO0?3 >R=2L>@\?5HO025LO>R3[?A@50?>@54V	I)VG0?>@GJI)AyLOHOVOK2G4HOK?V5"C)x HO025I)K?HO02CEV
§¨¹<54?jFk,«	 I)VO>@CEK2L *>R=2\C)x¤\2I)H	I6[CE>R=HL0&IJl5+Q5^54=H5^LOH5^\/025 ¹<54A$I)K?=&I^NHOVO>$I)=?DFK?A$I)HO>@CE=
C)xWHO025[CE>R=HL>@LZG^CE3[?K?H5^\e72VLOHJI)=2\£HO0254=[CE>R=THL<I)V5"I)ARAMV5436CJl5^\|>R=zIV	I)=2\?CE3 CEV\?54VJ
/025G^CPCEV\f>R=&I)H5^LI)V57)cZQ?>RHL>R=H54Dl54VL I)=2\vy5K2L5LOH	I)HO>@GI)=2\L	543>LOH	I)HO>@GX72ARH54VL¤HC]54=2LK?V5
5~2IEG4HO=25^LLC)x¤HO025 54FI)ARK&I)HO>@CE=£C)x¤Dl5^CE3654HOVO>@G [?V5^\f>@GJI)H5^LJ
5BK2L5^\{L54HLC)xWLO> 2J5eF¾©F©F©f¾©F©F©6[CE>R=HL\?5^LG4VO>RQ5^\{>R=eY>RDFK?V5+bf

 B	5#0(H¤[CE>R=HL54l54=?ARN{\f>@LOHOVO>RQ?K?H5^\{>R=|I"LSTK&I)V5F

 $"! >  %jFd[CE>R=THL54l54=?ARN \f>@LOHOVO>RQ?K?H5^\ CE=®I)=¬54ARAR>R[2L5£[?ARK2Lod[CE>R=HLg54l54=?ARN
\f>@LOHOVO>RQ?K?H5^\{>R=I"LSK&I)V5F

 F3!ILF3 [CE>R=THL54l54=?ARN\f>@LHOVO>RQ?K?H5^\£CE=£IG4>RVG4A@5F

 >R	L	 L5
	[CE>R=THL]54l54=?ARN{\f>@LOHOVO>RQ?K?H5^\CE=I[&I)V	I)QCEA$If
ÒQPÑMÒÝ
  #9  !5# !$#
	 #	 !	5#&% 
	 ! # eFe
  	
   

 !

Y>RDFK?V5+bR¹BI)H	IL54HLJ
\f>@LOHOVO>RQ?K?HO>@CE= LO> 2J5 >R=2L54VOHO>@CE=HO>R365 \?54A@54HO>@CE=£HO>R365
V	I)=2\?CE3 eF¾©F©F©f¾©F©F© #FbEL b#EL
54ARAR>R[2L5J7 eF¾©F©F©f¾©F©F© eJ©F7EL eJb#EL
54ARAR>R[2L5 eF¾©F©F©f¾©F©F© eJ7FbEL d#EL
G4>RVG4A@5 eF¾©F©F©f¾©F©F©  EkEL d#EL
[&I)V	I)QCEA$I eF¾©F©F©f¾©F©F© eJ©F©EL k( )L
Y¢>RDFK?V5 cWWYK?=?=?>R=?D6HO>R365^L
ÃxMHO025OF !ILF3 I)=2\;>R	L	 L  	+5~?I)3[?A@5^LGJI)={Q5<G^CE=2LO>@\?54V5^\£IEL[&I)HO02CEA@CEDF>@GJI)A>R=?[?K?HLfHO025
3$"! > {5~2I)3[?A@5o>@L36CEV5V5JI)AR>@LOHO>@GFW¹<54A$I)K?=&I^N HOVO>$I)=?DFK?A$I)HO>@CE= C)x[CE>R=HL"\f>@LOHOVO>RQ?K?H5^\CE=
IzG4K?VOl5£CG^G4K?VL>R=­[?V	IEG4HO>@GJI)A<I)[?[?AR>@GJI)HO>@CE=2LJyxCEV65~2I)3[?A@5{>R= LO0&I)[5V5^G^CE=2LOHOVOK2G4HO>@CE= L5^5
Y>RDFK?V5+b '~
C   /-C-C> -87 ?5>"B0 (
YK?=?=?>R=?D{HO>R365^L I)V5"DF>Rl54=>R=Y¢>RDFK?V5"c2/0254N|I)V5CEQ?H	I)>R=25^\CE=IK?=¯]ARHOV	Ife67F©F©Eª¦ 2
eJ7FkEª|CZ3gI)>R="365436CEVONl/025G^CP\?5>@L¢vVO>RHOH54=>R= "#" I)=2\"G^CE3[?>RA@5^\"v>RHO0W// G^CE3[?>RA@54V
v>RHO0CE[?HO>R3> 2^>R=?DCE[?HO>@CE=2LJ/>R365^L 0&I^l5"Q5^54=CEQ?H	I)>R=25^\v>RHO0HO025%$'&($*)£G^CE33gI)=2\ I)=2\
>@LDF>Rl54=£>R=£L5^G^CE=2\?Ly/025BHO>R365 HO0&I)H>@L365JIELK?V5^\{>@LWX×K2LOHx°CEV¹<54A$I)K?=&I^NG^CE3[?K?H	I)HO>@CE=¡>RH
\?CP5^L=2CEHH	I4*l5B>R=HCoIEG^G^CEK?=HHO025<HO>R365<x°CEV>R=?[?K?HCEVCEK?HO[?K?HJ
/025 36CEV5+5~f[54=2LO>Rl5 VOK?=?=?>R=?DHO>R365Bx°CEV\?54A@54HO>@CE=2L<CE=,+&-&.0/1+-2o\2I)H	I6L54HL>@L3gI)>R=?ARN
\fK25HCBHO025xÃIEG4HHO0&I)HyLCE365[CE>R=HL0&I^l5ZI)=6>R3[CEVOH	I)=TH\?54DFV5^5 [CE>R=THLv0?>@G	0I)V5V	I)=2\?CE3
>R={HO025+LSTK&I)V5<Q?K?H]G4A@CFL5<HCHO025 54ARAR>R[2L5 '~
Ñ¢Ñ!4ØJÕ
eJ7    8E !$  
   a 
U¢]a8	   O
aW+
 	 
 
={HvCg\f>R3654=2LO>@CE=2L2LCE365 I)ARH54VO=&I)HO>Rl5 3654HO02CP\?L]I)V5BC)xWLCE365B>R=H54V5^LOH
 "!  ><$'7=46-C$':> 
,>"-C7
,]=25BC)xHO025<>R=TH54V5^LOHC)xI3654HO02C\K2L>R=?D6\f>$I)DlCE=&I)Ads2>R[?[?>R=?D>@LHO0&I)H>RH\?C5^L=2CEH>R=HOVC\fK2G^5
=254vwDl5^CE3654HOVO>@G6[?V5^\f>@GJI)H5^LJ>RHBK2L5^LBCE=?ARN>R=2G4>RVG4A@5H5^LOHL I)=2\zHO0TK2L<0&IEL A@CJvy54V\?54DFV5^56I)=2\
Dl54=254V	I)AR> 2J5]5JIELO>RARNHCBEI)VO>@CEK2L 3654HOVO>@G^LJ¤¦]Cvy54l54VLOK2G0IZ3654HO02C\g3gI^N"=25^5^\o { ¢>R=2G4>RVG4A@5H5^LHL>R=HO025BvCEVLOHGJIEL5 I)=2\{>RH>@L=2CEHLCLO>R3[?A@5 HC6G^C\?5+5~}gG4>@54=THOARNlXDlCPC\>R3[?A@543654=f
H	I)HO>@CE={C)xIQs2>R[?[?>R=?D"3654HO02C\z§ =2CljFk)«v>RARAV54HOVO>$I)=?DFK?A$I)H5  QTNoQ&IELO>@GJI)ARARN6AR>R=!*P>R=?D6I)ARA;FHC
 I)=2\s2>R[?[?>R=?DHO025+5^\fDl5^L]HOK?VO=?>R=?DI)VCEK?=2\E=HO025+vyCEVLOHZGJIEL5F&LOK2G	0|I63654HO02C\£3gI^N
K2L	5 a 9: 6a:2P9:94: <'i
	  { 	
 w 
{
>R=2G4>RVG4A@5+H5^LOHLJ
/0?>@LXs2>R[?[?>R=?D63654HO02C\>@L=2CEHLC"5JIELONoHC"G^C\?5F2I)={LO>R3[?A@54VLCEARK?HO>@CE=G^CE=2L>@LOH>R={3gI)>R=f
H	I)>R=?>R=?D­I STK254K25C)x+5^\fDl5^LoHC Q5H5^LOH5^\¬xCEVo[CEH54=HO>$I)A_s2>R[ + IEG	0®HO>R365HO025£\f>$I)DlCE=&I)A
C)xI{SK&IE\fVO>RA$I)H54V	I)A >@L's2>R[?[5^\¢HO025"xCEK?V5^\fDl5^L+C)xHO0256STK&IE\fVO>RA$I)H54V	I)AI)V5>R=2L54VOH5^\>R= HO025
SK254K25F/0?>@LZLO>R3[?A@54VBI)ARDlCEVO>RHO0?3 v>RARA¢3gI4*l5+3K2G0z36CEV5>R=2G4>RVG4A@5+H5^LOHLZLO>R=2G^5+HO025Qs2>R[zI)V5
=2CEH[54V×x°CEVO365^\{>R=£LCE365<V54A@54FI)=THZCEV\?54V]IELI)QCJl5F
   # .C7   4 B ,:n ?5>"46-
®L5^G^CE=2\g3654HO02C\6G^CE=2L>@LOHL>R=72=2\f>R=?D%GFLOK2G0oHO0&I)H/    GF>@L IB¹<54A$I)K?=&I^NHOVO>$I)=?DFA@5Fv0?>@G0
GJI)=Q5"\?CE=25>R= ;a!>R=2G4>RVG4A@5"H5^LHLJMI)=2\zHOVO>$I)=?DFK?A$I)HO>R=?D£V5^G4K?VL>Rl54ARNHO025"HvyC{02CEA@5^LJ"=
HO025vyCEVLH<GJIEL	5FaHO025=TK?3Q54V C)xy>R=2G4>RVG4A@5H5^LHL]>@LZ5~2IEG4HOARN£HO025L	I)365+HO0&I)H<>R=|HO025[s2>R[?[?>R=?D
3654HO02CP\ ]=®>R3[?A@543654=H	I)HO>@CE=C)x+HO0?>@LH5^G	0?=?>@STK25z>@L>R=THOVO>R=2L>@GJI)ARARN V5^G4K?VLO>Rl5I)=2\®HO0TK2L
>R3[?ARNLCE365 G^CFLHL0254V5F
    $;-C.C46B > . $;:<764=&)>@?5A/B
=  0254v §  025Jk( )«ZV	I)=2\?CE3> 2J5^\ I)ARDlCEVO>RHO0?35JIEG0®[CE>R=HoHC V54>R=2L54VOHg=25^5^\ I)= 5~f[5^G4H5^\
=K?3+Q54V]C)xI)QCEK?Hd>R=2G4>RVG4A@5BH5^LOHLJfv0?>@G	0£NP>@54A@\?LIHCEH	I)AMC)xFQ: B<E	
   - $;:@?  & -8$?5>a  B? ? AC4 .C(
Y&CEVLO3gI)ARAyEI)ARK256C)xZ f|s2>R[?[?>R=?DzCEV5^\fDl5oG^CE3[?A@54HO>@CE= =25^5^\ A@5^LL >R=2G4>RVG4A@5oH5^LOHLG^CE3"
[?K?H	I)HO>@CE=2LQ?K?H HO025LO>R3[?AR>@G4>RHNC)xCEK?VI)ARDlCEVO>RHO0?3 I)=2\>RHLBDlCPC\z[54V×xCEVO3gI)=2G^5xCEV
3gI4*l5+>RH]I"l54VONDlCPC\GJI)=2\f>@\2I)H5+x°CEV5^\fDl5+\?54A@54HO>@CE= 8Z54l54VOHO0254A@5^LLJ2>RH]GJI)=£Q5B>R=TH54V5^LOHO>R=?D
HC"HOV5JI)HZIELLO[5^G4>$I)AMGJIEL5^LLCE365BL3gI)ARAoEI)ARK25^LLOK2G0IELZOi2gI)=2\iP
ÒQPÑMÒÝ
  #9  !5# !$#
	 #	 !	5#&% 
	 ! # eJb
    ><7 A & .C>"B0 -/(><46-/(
= 0?>RDF0254V\f>R3654=2LO>@CE=2Ls2>R[?[?>R=?D25^\fDl5G^CE3[?A@54HO>@CE=¬I)=2\ L0254ARAR>R=?DI)ARDlCEVO>RHO0?36L"Dl54=254V	I)AR> 2J5
Q?K?HHO0?>R=?DlLQ5^GJI)365o36CEV5o\f>}gG4K?ARHJ|/025Ms2>R[?[?>R=?D|3K2LOHQ5o\?CE=25g>R= 0?>RDF0254V"\f>R3654=2L>@CE=
v0?>@G	0 3gIE\?5£>RH36CEV5|>R=THOVO>@GJI)H5|HC >R3[?A@543654=H§ +tfj#)« +\fDl5zG^CE3[?A@54HO>@CE= HOV	I)=2L×x°CEVO36L
>R=x°IEG^54H+G^CE3[?A@54HO>@CE=I)=2\3K2LOH+\?5JI)A v>RHO0 HO025HOVO>$I)=?DFK?A$I)HO>@CE= C)x=2CE= L>R3[?ARNzG^CE=?=25^G4H5^\
[CEARNP025^\fVCE= 0254ARAR>R=?D>@L"HO02536CFLOH5JIELON HCDl54=254V	I)AR> 2J5F Y?K?VOHO0254VO36CEV5HO025>R=2G4V5JIEL5>R=
HO025zI^l54V	I)Dl5zFI)ARK25|C)x"­v>RHO0®HO025z\f>R3654=2LO>@CE= V54>R=fxCEVG^5>RHL{IE\fEI)=H	I)Dl5CE= I)ARH54VO=&I)HO>Rl5
GJI)=2\f>@\2I)H5^L>R=0?>RDF0254V\f>R3654=2LO>@CE=2L

Ý J À .Å)¼¾È¾ËOÌZÌË .À )4ËÁÃ½°¼ À<¼¾½MÄ )Ä¼¾È ÄÍ,È¾ËyÄÆ»^Æ°ÆÃÅ 	
	O¿¿¿ m ¼ ÁÃ¼ÇÄ m G Á	 ÅÁÃ¼¾½#.Ë	 È¾À S¼ J ¼¾Ë×È¾½	~Ì,Ë×È$»)¼¾Ë ÁÄÁLJ»^É	 m
 !#"
º»)Ë<Ä	Ê,ÆÃ»,ÀÁ¿À~Ê)È ÌgÈ ¼¾Â4ËÆÃÀ+ÆÃ»)Ä,Â%$4Ä JÃÂgÏ,À^Ë É¼ ,ÂÄ)Ì'&<ÄÁÃ¼¾Ë Æ°ÆÃË)()¼ ,Ë+J G ÀÁ»,Ë×È¾ÅGÊ,ÈMÌ,¼¾½nJ Ê)½°½°¼¾À)½Ä)Ì
J×Ä	ÁÃËG Ê)ÈlÁÃËOÄ~Ì¼ :SÀ3GPÆÃ»)¼¾½ÅEÄÅFËÁ+m
* ,+^W
- Ý/.Ï,Ö~Ù0 ÐmÝMÈ¾È ¼¾Ë '3O1(m2.¤Ë )J¼¾È È¾Ë ÁÃ½TO,ÄUEÌ3$m,Ï,À^Ë É¼ )Â mlÑ¢Ë0.À)J¼ :SÌËTS~Ën)Ë ÁÄ3J ¼¾Ë×½Í^ÉÅFË Á°ÆÃÊÁÃÍ)¼ :SWÆÃ»)ËMÅ,ÁÃÀÍ
È Ë0.­ÀÁÆÃ»)Ë¤¿ÀÁÃÈ Ì m&ÑMË×½°ËOÄ	ÁLJÃ»<ÑMË×ÅFÀÁ°Æ2Õ54POEÒ PÑMÒÝOFÕOÖ~Ö~Ù m
- ÝMÜWÏ,Ï6~Ö0]Ý
m)ÝS S~Ä	Á°¿ÄÈ OlÓË À8)¼ Ì,Ä½7$mlÜÊ,¼ Í)Ä½TO$mlÏÄ/Ë O)Ä)Ì<Ð*m , mEÏ»,ÀÁ+maÝÈ¾¼ )Ë×Ä	Á8@ÆÃ¼+.ËÄÈ^S~À	ÁÃ¼¾ÆÃ» . GÀÁ
J À$.Å,Ê,ÆÃ¼ :SÆÃ»)Ë:9&ÀÁÃÀ)À¼,Ì¼ Ä3SÁÄ.À3GEÄ=J À )~Ë0/ÅFÀ~È¨ÉPS~À`m;,<>=?A@8BACDBFEHGJILKMCDNO/B8GJIN O)ÚP4 Þ Ø	ÖÕQ
4
RPOPÕ×Ö
6~Ö m
- ÝMÊ,Á6~Ù0 SimfÝMÊ,ÁÃËB,»EÄ . .ËÁ+mÐfÀO¿Ë Á Ì,¼ Ä3S	ÁÄ .½5 ÅÁÃÀ~ÅFË Á°ÆÃ¼¾Ë×½TOfÄÈ^S~À	ÁÃ¼¾ÆÃ» .½ ÄEÌ+ÄÅ,Å)È¾¼ J×Ä	ÆÃ¼¾À)½TmUTV8W/XZYN
EHGJILKMCDN OTÕ[4\ ÙJ6Q^Ö
4 O?ÕOÖ
6~Ù m
- ] .WÖ4Ø[0 Ðm ] À~½°ËWÄUEÌÓlm\.¤Ë0)JÁÃÀOÉ^Ë3mPÒIJÆÃËÁÃ½°Ë+JÆÃ¼¾À8,½¿¼¨ÆÃ»ÁÄUEÌ,À .fSË×À$.ËÆ°ÁÃ¼ J¢À~Í\^Ë+JÆÃ½TmfºPË+JÃ»4,¼ J ÄÈEÁÃË×ÅFÀ	Á°Æ+O
ÏJÃ»)À^À~ÈÀ3G&ÛÀ .Å)ÊÆÃË Á¢ÏJ ¼¾ËB:J Ë O&5JOÜ¼¾È¾È_h,¼+)4Ë ÁÃ½°¼¨Æ ÉgOlÕOÖÖ4Øgm`&<ÄUÊ,½nJÁÃ¼¾Å,Æ+m
- ] &BÙJÕA0 a(m ] ÁÃÊ:S SË×½°½°Ë ÁÄUEÌÐ*mb&<Ä)¼ mÏJ»)Ë×È¾È ÄÍ,È Ë¢Ì,ËTJ À$.ÅFÀ½°¼¾ÆÃ¼¾À)½&À3G`J Ë×È¾È¾½ÄUEÌ½°Å,»)Ë ÁÃË×½TmXdc
CfeN#T?gcJhjibN^O
ÔÖ¾Õ×Ö4Ù[QJÔJR~Ø O2ÕOÖ~ÙJÕ m
- Û»,Ë[64Ù[0 ÓlmPÐmfÛ»)Ë¿ m<ÛÀ)½Æ°ÁÄ	¼ ,ËOÌk.¤Ë×È Ä	Ê4EÄ×É Æ°ÁÃ¼ ÄS~Ê)È ÄÆÃ¼ À)½Tm]Ò ml:@nG[?Npo
@niqW/hhMNHWFEXrTsILKGJ=AN
EHGJILKMCDN:O/B8GJI3N^O)Å)Ä3S~Ë ½Ô^ÕØ5QÔ~ÔÔ O?Õ×Ö
64Ùgm
- .Ë )Ö
60 1(m#.¤Ë )J¼¾È È¾Ë ÁÃ½TmyÒ .ÅÁÃÀ )4ËOÌ<¼ ZJÁÃË0.ËB^ÆÄÈPÁÄUEÌ,À .¼+'×ËOÌt.¤Ë×È ÄÊ EÄ×É<Æ°ÁÃ¼ ÄS~Ê)È ÄÆÃ¼ À`myÒ kl:@nG[?N`uAvCfe
W/hhMNWFEXwTsILKGJ=AN:EHGJILKMCDNxO/B8GJIN O)Å)Ä3SË×½ Õ5R
4[QEÕ~ÕOØ OfÕ×Ö~ÖJ6Pm
- .¤Óy&<Ö
60 Ólmz.¤Ë )^ÁÃÀOÉ^Ë OÛmÓË0.Ä¼¨ÁÃË OÄ)Ì!$m {&m&ZÀÁÃËOÄ	Ê`m ] ¼ )½°ËOÄÁLJ»Ä)Ì ¿ÄÈ¾ÂjWÄ GRÄ½ÆÅFÀ¼ JÆ¤È À J Ä	ÆÃ¼¾À8
Å,ÁÃÀ J ËOÌÊ,ÁÃË¼ ÔfÄ)ÌZ-Ì,¼+.ËB,½°¼¾À8EÄ	È)À$È¾¼ ,Ë`.¤Ë×È ÄÊ EÄ×É Æ°ÁÃ¼ÇÄU:SÊ)È Ä	ÆÃ¼¾À8,½TOFÕOÖÖ
6PmT¼ ÅÁÃË×ÅEÄÁÄ	ÆÃ¼¾À8 m
- .,&<ºÖ4Ô0|1(m\.¤Ë )J¼¾È È¾Ë ÁÃ½TO)Ï m&ZË×¼¾½°Ë Á+OEÄUEÌ}&mºPË×¼¾È¾È ÄÊ)Ì m?º»,Ë½°Å)Ä J Ë¢À3Gf½°Å,»)Ë ÁÃË ½TO)ÄS~Ë À$.Ë Æ°ÁÃ¼ JMÆÃÀ^ÀÈEÆÃÀyÊ )¼ G É
Ì,ÊEÄ	È¾¼¾Æ-ÉZÁÃË×½°Ê,È¨ÆÃ½¢ÀU9aÀ	ÁÃÀ8)À¼?Ì,¼ Ä SÁÄ .½TmÒ dlx@8G[?NvCfemEHcJhc2ibNpEHGh[~[N:EHGJILKMCDN:O/B8GJIN OFÅEÄ S~Ë×½
ÔJ48[QÔ4
6PO?Õ×Ö~Ö~Ô m
- .¤ÐaÖJ60 1(mb.¤Ë )J¼¾È¾È ËÁÃ½Ä)ÌSimJÐ?ÁÃË×ÅEÄÁÄ	ÆÄPmPÝÅ,ÁÃÀÍEÄ	Í)¼¾È¾¼ ½ÆÃ¼ J¢ÄEÄ	È¨É,½°¼¾½aÀ3GTÆÃ»)ËÅFÀO¿Ë ÁÀ3GÄ	ÁÃ¼¨ÆÃ».ËÆÃ¼ J:)È¾ÆÃËÁÃ½Tm
;,<>=?A@gBACDBcJhjiUEHGJILKMCPcJC><PGJhjcJxO/B8GJI3BAC>@s OPÕOÖÖ
6 m:Å)Ä	ÁÄ[ÇÆ°ÁÃË3m
- ÎaÏ,ÖJ40 a(mÎaÌË×È¾½°Í,ÁÃÊ4 )Ë ÁÄEÌ P(maÑ
mÏJ»EÄ» m{Ò :JÁÃË .ËB^ÆÄ	ÈÆÃÀ~ÅFÀ~È¾À3S~¼ J×ÄÈ7E¼¾Å)Å,¼ S¿ÀÁÃÂJ½ GÀÁÁÃËTSÊ)È Ä	Á
Æ°ÁÃ¼ÇÄU:SÊ)È Ä	ÆÃ¼¾À8,½TmpW7 2G@<CfebI<P?gc3OÕØ\ ÔÔQJÔUÕ O?ÕOÖÖ
4 m
Ñ¢Ñ!4ØJÕ
e4c    8E !$  
- ÜWÏ,ÙJ60 Ðm$mTÜ¢ÁÃË×Ën ÄEÌ]Ñ
m,Ñ
mFÏ¼¾Í)½°À`mÛÀ$.Å)ÊÆÃ¼ :S.¤¼¨ÁÃ¼ JÃ»)È¾Ë ÆMÆÃË×½°½°Ë×È¾È Ä	ÆÃ¼¾À8,½¤¼ <ÆÃ»)ËWÅ)È ÄU)Ë mEHGILKMCDN
YN OFÔ^Õ
¾Õ[4J6Q)ÕÙ O2ÕOÖ4Ù6Pm
- a¢Ë×È Ö
R0 &m2aË È È¾Ë Á+mEºÁÃ¼ EÄ S~Ê)È ÄÆÃ¼ ÀÄÈ^S~À	ÁÃ¼¨ÆÃ».½GÀÁÄ~Ì,ÄÅÆÃ¼*)~ËÆÃË Á°ÁÄ¼  .ÀJÌË×È¾¼ :Sm)Ò l:@nG[?NvCfeVhCDB@hjc
CDN
TsILKGJ=AN GJhtT
Kc
C><PcJ#;FcJCPc,cJhji <>h\3O,ÅEÄ S~Ë×½WÕ548Q)ÕÙyO?ÕOÖÖ
R m
- ÓTË .Ö4Ù[0 ÛmEÓTË .Ä¼¨ÁÃË m@<Pch\JM c
C><PGJh!ibB7;BA cMhcJs}BACxcJ@A@8B= IMC><Pi<>I3Bh=<GJhhjBA =LmPÆÃ»×½°ËWÌËWÌ,À JÆÃÀÁÄ	Æ
ËB<½nJ ¼¾ËB:J Ë×½TO
	lJ ÀÈ Ë ÌË×½/&Z¼ )Ë×½¢Ì,ËÏ^Æ8-Î2ÆÃ¼¾ËB )Ë OS,ÁÄUZJ Ë OTÕOÖÖ4Ùgm
- &Z¼ Ì,Ö80 º=mp&Z¼ ÌÆÃÍm TJKc
C><Pc
:X!G[ibBA> <h\As!;BA cMhcJsBAC GJ@=UGn~xGmchjize\@gBgB ;,<>IBh=g<PGJh=nm
Ð&» m .(m,ÆÃ»,Ë×½°¼¾½TOPÀ	Á )4ËTS¼ÇÄU<Ò ,½ÆÃ¼¨ÆÃÊ,ÆÃËÀ G&ºPË+JÃ»4,À~È¾À S	ÉgOEºÁÃÀEÌ»)Ë×¼+.5OlÕOÖÖ8Pm
- &BÏTÖJ40 Î2ÁP,½ÆÐ*m&ZJÃÂ4Ë OlÒ ½ÃÄÄ JÏÄ¼ Ä½TOPÄ)Ì ] ¼ )»EÄ	¼l»JÊ`m,SEÄ½Æ¤ÁÄUEÌÀ$.¼+'×ËOÌBÅFÀ~¼ ^Æ¤È¾À J×ÄÆÃ¼¾À8¿¼¨ÆÃ»)ÀÊ,Æ
Å,ÁÃË×ÅÁÃÀ J Ë×½°½°¼ :So¼ Æ-¿ÀÄ)Ì{ÆÃ»ÁÃË×ËA-Ì,¼+.ËB,½°¼¾À8EÄ	ÈL.¤Ë ÈÇÄ	Ê4)ÄOÉÆ°ÁÃ¼ÇÄU:SÊ)È Ä	ÆÃ¼¾À8,½TmÒI lx@8G[?NubCfe
W/hhMNWFEXwTsILKGJ=AN:EHGJILKMCDNxO/B8GJIN O)Å)Ä3SË×½¤ÔÙUQÔJ6POfÕ×Ö~ÖJ4Pm
- 1 ] Ï,Ö4Ô[0 ÝÆÃ½°ÊÉÊ)ÂJ¼ 1Â~Ä	ÍFË O ] ÄÁ°Á°É ] À^ÀÆÃ½TOaÄUEÌ¢À~ÂJ¼ J»,¼ÏÊS~¼¾»EÄÁÄPmkTJKc
C><Pc
jB=g=5BA c
C><PGJh= EHGJh?B KjC>=
cJhjiW:K
Kj <P?gc
C><PGJh=Gn~"!GJ@8GJhGJ< ;,<Pc[J@ncJI=nm $~À»4 ,¼ È¾Ë É# ÏÀ)½TO)Û»)¼ JÃ»)Ë×½ÆÃË Á+O_$XOlÕOÖÖ4Ôgm
- ÐfË×ÌEÙJR0 .7mEÐfË×Ì,À^Ë mO/B8GJIBAC>@s%`c3?gGJILK@gBgeBh=<'&JB?GM@=ABCmx.À)~Ë ÁMÐ&Ê,Í)È¾¼ J×Ä	ÆÃ¼¾À)½TOP¢Ë ¿ (À	ÁÃÂ OTÕ×Ö4ÙRPm
- ÏJË×¼ 6
40 Ñ
m)ÏË ¼ÇÌË×È m&ÛÀ8,½Æ°ÁÃÊZJÆÃ¼ S»)¼^S»)Ë Á8-Ì,¼+.ËB,½°¼¾À8EÄ	È;J À8 )4Ë /»Ê,È¾È ½Ä	ÆÈ¾À S~Ä	ÁÃ¼¨ÆÃ».¼ J"J À½ÆÅFË ÁGRÄ3J Ë m?ÒI
l:@nG[?N u)(
Cfe)W/hhMNWFEXwTsJI7KGJ=AN*zeB8GJ@stEHGJILKMCDN^O)Å)Ä3S~Ë ½2
RQ ,ÕBPO?Õ×Ö
6
4 m
- ÏJË×¼ Ö
60 Ñ
mTÏJË×¼ Ì,Ë×È mº»,Ët)Ä	ÆÃÊÁÃËÄUEÌ.ËOÄ,¼ :SÀ3GaÅFË Á°ÆÃÊ,ÁÃÍ)Ä	ÆÃ¼¾À8,½¼  S~Ë×À .Ë Æ°ÁÃ¼ J(J À .Å)ÊÆÃ¼ Sm,;,<>=?A@8BACDB
EHGJILKMCDN:O/B8GJI3N^OÕ×Ö¾ÕQ)ÕÙ O?Õ×Ö~ÖJ6Pm
- Ï )À~Ö
60 $mMÏ,À^Ë É¼ )Â mP¢À8ÁÃËOÌÊ4EÌ,Ä^ÆE¼¾Å G ÀÁ<ÅFÀ¼ JÆZÌ,Ë È ËÆÃ¼ À{¼ Ì,Ë×È ÄÊ EÄ×ÉÆ°ÁÃ¼ ÄU:S~Ê,È Ä	ÆÃ¼¾À8 OyÕ×Ö~Ö
6 m
ÐfË ÁÃ½°À8 EÄÈWJ À$. .yÊ4,¼ J Ä	ÆÃ¼¾À8 m
ÒQPÑMÒÝ
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - B.P. 93 - 06902 Sophia Antipolis Cedex (France)
Unité de recherche INRIA Lorraine : Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - B.P. 101 - 54602 Villers lès Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot St Martin (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - B.P. 105 - 78153 Le Chesnay Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, B.P. 105 - 78153 Le Chesnay Cedex (France)  	


  
ISSN 0249-6399
